Purpose The titanium mesh cage (TMC) is a typical metal cage device which has been widely used in cervical reconstruction for decades. Nano-hydroxyapatite/polyamide-66 (n-HA/PA66) cage is a novel biomimetic non-metal cage device growing in popularity in many medical centres in recent years. There has been no comparison of the efficacy between these two anterior reconstructing cages. The purpose of this study was to compare the radiographic and clinical outcomes of these two different devices. Methods Sixty-seven eligible patients with single-level ACCF using TMC or n-HA/PA66 cage for cervical degenerative diseases, with four-year minimum follow-up, were included in this prospective non-randomised comparative study. Their radiographic (cage subsidence, fusion status, segmental sagittal alignment [SSA]) and clinical (VAS and JOA scales) data before surgery and at each follow-up was recorded completely. Results The fusion rate of the n-HA/PA66 group was higher than TMC at one year after surgery (94 % vs. 84 %) though their finial fusion rates were similar (97 % vs. 94 %). Finial n-HA/PA66 cage subsidence was 1.5 mm with 6 % of severe subsidence over three millimetres, which was significantly lower than the respective 2.9 mm and 22 % of TMC (P <0.0001). Lastly, SSA, VAS and JOA in TMC group were worse than in the n-HA/PA66 group (P =0.235, 0.034 and 0.007, respectively).
Introduction
Anterior cervical corpectomy and fusion (ACCF) is proposed as a surgical alternative technique to anterior cervical discectomy and fusion (ACDF) when the anterior compression is not limited to the disc level. Anterior corpectomy can provide direct decompression of the fractured vertebral body, proliferating osteophyte or ossification of the posterior longitudinal ligament. However, the stability of the anterior vertebral column is destroyed following resection, and it subsequently makes reconstruction another critical procedure in these operations. Use of autogenous bone grafts from the iliac crest for cervical reconstruction has been considered as the gold standard for decades [1] . The tricortical iliac crest graft can achieve satisfactory osseous fusion but it brings around 25 % of donor-site morbidities, including haematoma, persistent donor-site pain and infection [2, 3] . To prevent these complications, structural allograft is used as an alternative transplant in anterior fusion. However, lower fusion rates, higher rates of breakage and the risk of disease transmission have greatly limited the use of this graft [4, 5] .
Recently, the application of cages has become a popular method of anterior reconstruction. On the one hand, the material strength and toughness of cages can provide sufficient immediate stability for a reconstructed segment, ensuring later bone graft fusion. On the other hand, the cages can be filled by crumbled autograft, allograft, artificial bone graft or even hybrid graft as required. It provides more choices for anterior reconstruction to ensure satisfactory osseous fusion and reduce the complications. Currently available cage devices can be divided into metallic and non-metallic cages. The titanium mesh cage (TMC) is a typical metallic cage and has been widely used in spinal reconstruction since it was first introduced in 1986 [6] . The TMC has adequately demonstrated the superiorities of cage devices to structural autograft or allograft with respect to their good mechanical behaviour and satisfactory clinical outcomes [7, 8] . However, the stress shielding, postoperative radiographic interference, and high rate of subsidence of TMCs are still of great concern which hinders this cage becoming an ideal reconstructing device [6, 9] . To prevent these material defects, recent studies have tended to focus on the non-metallic cage as an alternative device to traditional metallic cages. More recently, PMMA (polymethyl methacrylate), stackable PEEK (polyetheretherketone) and stackable CFRP (carbon fibre reinforced polymer) cages have been developed for reconstruction following anterior cervical corpectomy [10, 11] .
The hollow cylindrical n-HA/PA66 cage (nano-hydroxyapatite/polyamide-66) is a bionic non-metallic cage made by covalent miscibility of the nano-hydroxyapatite and polyamide-66 which simulates the constituent form of natural bone (Fig. 1) . The n-HA/PA66 cage for cervical reconstruction is eight to 14 mm in outer diameter and three to eight millimetres in inner diameter while its length is adjusted as clinically required. Each cage has wide rims (nearly three millimetres) with several shallow recesses designed to prevent subsidence and migration by decreasing the cutting action and increasing the friction between the cage edges with vertebral endplates. This cage has been approved for clinical use by the State Drug and Food Administration of China since 2005. In recent years, the use of this cage for anterior cervical fusion has become more and more popular in many medical centres, and the short-term clinical effects are satisfactory [12, 13] .
However, detailed comparative assessments of the n-HA/ PA66 cage with other cage devices have not been available. In this study, we observed the results of patients who had undergone single-level anterior cervical corpectomy and fusion with n-HA/PA66 cage or TMC to compare the differences in radiographic and clinical outcomes between these two cage devices.
Patients and Methods
This was a prospective, non-randomised, comparative study of patients with cervical myelopathy or radiculopathy who underwent single-level anterior cervical corpectomy and fusion (ACCF) with one cage and anterior plate. The study was both approved by the Institutional Review Board and the Ethics Committee of West China Hospital of Sichuan University and was performed at our department from January 2008 to January 2009.
During this period, 80 consecutive patients were eligible for inclusion, however only 67 patients (84 %) with complete data sets (preoperative and more than four years follow-up data) were included in the final analysis. The inclusion criteria were: (1) myelopathy or radiculopathy with failure of conservative treatment (of at least three months), (2) the radiographs documented cervical degenerative diseases with compression of the cervical spinal cord or nerve roots, or whichever best explains the clinical symptoms and signs, and (3) the spinal cord or nerve roots could be adequately decompressed by single-level ACCF surgery. The exclusion criteria were: (1) cervical deformities or neoplasia, (2) severe osteoporosis, and (3) patients with psychiatric disorders. Each patient gave a signed informed consent for entry into this study. The level of corpectomy was determined mainly on the clinical presentation and radiological findings. The anterior fusion was performed using either TMC (Medtronic Sofamor Danek Inc. Memphis, TN) or n-HA/PA66 cage (Sichuan National Nano Technology Co., Ltd. Chengdu, SC), and the cage was chosen at the discretion of the surgeon. 
Surgical Technique and Cage Preparation
All the operations were performed by one of four senior spine surgeons. The patients were placed in the supine position with neck extension. Standard right-side anterior cervical approach, cervical corpectomy and decompression were performed. A high-speed burr and curette were used to prepare the adjacent endplates. Then a TMC or n-HA/PA66 cage was cut to the proper length and contour according to the angle of proximal and distal endplates. The cage was filled with morsellised autologous bone from local resected vertebral body before being inserted into the intervertebral space (Fig. 2) . The Atlantis anterior cervical plate system (Medtronic Sofamor Danek Inc. Memphis, TN) was used in each patient for further stabilisation. After surgery, all patients were requested to wear a soft cervical collar for approximately four weeks.
Outcomes assessment
The patients had radiological follow-up immediately, at one, three, and six months and then annually after surgery. The cervical plain radiographs were taken at each follow-up examination. The following parameters were evaluated on lateral plain radiographs: cage subsidence and preoperative and postoperative segmental sagittal alignment (SSA). The height of the fusion segment was measured as the distance between the midpoint of the superior endplate of the upper vertebra and the midpoint of the inferior endplate of the lower vertebra. Subsidence was defined as the difference of height of the fusion segment between immediately after surgery and the later follow-up. Once cage subsidence exceeded three millimetres it would be considered as severe subsidence [10, 14] . The SSA was defined as the Cobb angle between the superior endplate of the upper vertebra and the inferior endplate of the lower vertebra. We defined the lordosis angle as positive and the kyphosis angle as negative. The changes in sagittal alignment before surgery and at postoperative follow-ups were determined. All these radiographic parameters were measured by three independent senior spine surgeons who were not involved in the primary surgery and were unaware of the clinical results of the patients, and their average value was adopted for final analysis.
Three-dimensional CT scans were taken at six months and annually after surgery to evaluate the fusion status. Fusion was deemed to have occurred if (1) bridging bony trabeculae appeared across the interfaces between the endplate and the bone graft, (2) the bone in the fusion area was radiographically denser and more mature than originally achieved in surgery, and (3) absence of pseudoarthrosis, which was determined by the lucent line at the interfaces. The fusion status was also evaluated by the three senior spinal surgeons.
In addition, the clinical outcome of each patient was assessed by comparing the scores on a 10-point visual analogue scale (VAS) and the Japanese Orthopaedic Association (JOA) scale before surgery and at six months and annual postoperative follow-ups. SPSS 17.0 statistic software (SPSS, Inc, Chicago, Illinois, USA) was used for all statistical analyses in this study. Quantitative data including age, subsidence, SSA, JOA scores and VAS points are presented as the mean ± standard deviation. The mean comparison at different time points in the same group was conducted with one-way ANOVA, and the pairwise comparison was performed with the LSD method. Mean comparison in two groups was analysed by the MannWhitney test. Categorical data such as sex, smoking, diagnosis, pathological level and fusion status in two groups were analysed by chi-square test. All P values were two-sided, and levels of significance reaching >95 % were accepted.
Results
Of the 80 patients eligible for inclusion in this study, we obtained complete data sets (preoperative-, immediately post-, one-year post-, and four-year post-operative follow-up data) for 67 patients (84 %). It contained 42 men and 25 women with a mean age of 47.2 years (range 32-62 years). Thirty-two patients underwent the single-level ACCF with a TMC (TMC group) (Fig. 3) and the other 35 patients with n-HA/PA66 cages Fig. 2 Implanting of the cages after cervical decompression. a Titanium mesh cage. b Nanohydroxyapatite/polyamide 66 cage (n-HA/PA66 group) (Fig. 4) . The demographics of both groups of patients are shown in Table 1 . There were no statistically significant differences in sex, age, smoking, diagnosis or pathogenic level between these two groups (all P >0.05).
There was no case of cage migration or breakage in either group at the last follow-up. At one year after surgery, 27 patients' cages were fused with a fusion rate of 84 % in the TMC group that, although insignificant, were markedly lower than the fusion rate of 94 % (33 of 35) in the n-HA/PA66 group (P =0.185). At the four-year follow-up, the final fusion rate was 94 % (30 of 32) in the TMC group and similar to the fusion rate of 97 % (34 of 35) of the n-HA/PA66 group (P =0.502). The titanium cage subsidence had a mean of 2.5 mm with a rate of severe subsidence of 19 % (six of 32) at one-year follow-up and a mean of 2.9 mm with a rate of 22 % (seven of 32) respectively at four-year follow-up. However, n-HA/PA66 cage subsidence had a mean of 1.2 mm with a rate of severe subsidence of 3 % (one of 35) at one-year follow-up and 1.5 mm with a rate of 6 % (two of 35) at fouryear follow-up. The n-HA/pa66 cage subsidence at one-or four-year follow-up was significantly lower than TMC subsidence, respectively ( Table 2 ).
In the TMC group, the mean SSA before surgery was 5.4°, and significantly improved to 8.7°immediately after surgery (P =0.001) while in the n-HA/PA66 group, the mean preoperative SSA was 5.5°and significantly improved to 8.8°immediately after surgery (P <0.001). The change of SSA around surgery in the TMC group and n-HA/PA66 group was similar. However, we found in later follow-ups the mean SSA of the TMC group was lower than the n-HA/PA66 group. The same phenomenon was also observed in the VAS and JOA scores, whereby the preoperative VAS and JOA scores of the TMC group were similar to the n-HA/PA66 group, respectively; however, the patients fused with n-HA/PA66 cages had significantly greater improvement of their VAS and JOA scores than patients with TMC over the follow-up period ( Table 2) . Fig. 3 A 46-year-old woman underwent cervical corpectomy and fusion with a titanium mesh cage for OPLL. The compression arising in the C5 level was found on the preoperative cervical MRI (a), lateral plane radiograph immediately after surgery showed the Cobb angle of segmental sagittal alignment (SSA) was corrected to 7°after surgery (b ).
Gradually, the SSA reduced to 5°and 2°at one-(c) and four-years (d) after surgery, respectively. Finally, a solid fusion associated with marked subsidence (in the posterior lower footprint) was found on the four-year postoperative sagittal CT (e) Fig. 4 A 45-year-old woman underwent cervical corpectomy and fusion with a n-HA/PA66 cage for intervertebral disc herniation. The protruded C5-6 disc was shown on cervical MRI before surgery (a). The sagittal alignment of the fusion segment was corrected to 10°after surgery (b), and satisfactorily maintained at 10°at both the one-(c) and four-year (d) follow-ups. Finally, a satisfactory osseous fusion without severe subsidence was clearly shown on the four-year postoperative CT scan (e)
Discussion
The currently available devices applied in clinical anterior reconstruction are varied, including structural autografts, allografts and cages. However in anterior cervical corpectomy and fusion (ACCF), there is abundant morsellised bone from the corpectomy to fill the cage device which makes the cage the best choice for reconstruction. The cage filled with local bone can effectively avoid the donor site morbidity from iliac autograft harvesting and the risk of disease transmission corrected with allograft [2] [3] [4] [5] , while at the same time ensuring a high rate of osseous fusion [7, 8] .
The titanium mesh cage (TMC) is a typical metal cage device which has been widely used for decades. The previous results of using TMC and anterior plating after cervical corpectomy were favourable [7, [15] [16] [17] [18] . The initial report of this technique by Majd et al. showed a 97 % solid fusion rate and an 80 % excellent or good clinical outcome for the patients [7] . Dorai et al. reported a fusion rate of 97 % in their 45 patients who underwent ACCF with TMC [15] . Subsequently, Nakase et al. reported a fusion rate of 100 % in 22 patients with the same surgical technique over a mean 54.3 months follow-up [16] . Castellvi et al. found a solid bony fusion in 97.5 % of patients at six months and 100 % at one year after cervical corpectomy and reconstruction with a titanium cage and anterior plate [17] . Although the high rate of TMC fusion was encouraging, the same high rate of cage subsidence could not be ignored. In a large sample study on ACCF with titanium cages by Chen et al., they found TMC subsidence (more than one millimetre) occurred in 79.7 % of patients and severe subsidence (more than three millimetres) in 19 % of cases. Meanwhile they found severe TMC subsidence was correlated with bad neurological outcomes and subsidence-related complications which noticeably diminished the benifits of surgery [9] . To find the more ideal cage device and better clinical results, non-metallic cages have recently become extremely popular with spine surgeons. The hollow cylindrical nano-hydroxyapatite/polyamide-66 cage (n-HA/PA66) is a novel biomimetic non-metallic cage device. The design concept of this material is very good, combining the strength properties of hydroxyapatite (HA) with the elasticity properties of polyamide-66 (PA66), which is very close to the inherent attributes of human bone [18, 19] . The n-HA/PA66 cage has been designed and used since 2005, and the clinical results of this cage have been gradually reported in recent years. In our early study, we found a fusion rate of 90.2 % in 51 patients who underwent lumbar or thoracic corpectomy with an n-HA/PA66 cage fusion [12] . Zhao et al. showed a 94.3 % bony fusion rate and a 2.9 % cage subsidence rate in their 35 patients who had an n-HA/PA66 cage fusion following cervical corpectomy [13] . However, until now no comparative study has been reported between the n-HA/PA66 cage and the TMC. In this study, we have presented our results using these two different types of cages used for reconstruction following single-level cervical corpectomy.
In our series, solid bony fusion was found in 84 % of patients (27/32) in the TMC group at one year and in 94 % (30/32) four years after surgery. Under the same conditions, solid fusion was found in 94 % of patients (33/35) in the n-HA/PA66 group at one year and in 97 % (34/35) four years after the operations. Though the final fusion rates of the two groups were similar, it was not difficult to discover that bony fusion occurred sooner in patients who underwent anterior cervical corpectomy with the n-HA/PA66 cage than with the TMC. Immediate stability from the anterior plate and intervertebral support device are a prerequisite for later osseous fusion. The excellent mechanical strength of TMC is well known and documented in a series of studies. The strength of bending, tensing and compressing of n-HA/PA66 was 95, 79 and 117 MPa, respectively, matching well with cortical bone [18, 19] . When implanting into intervertebral space, both cages provide sufficient support for the anterior cervical column. It is worth mentioning that Young's modulus of the TMC was 110 GPa, significantly higher than the approximate 12 GPa of bone graft inside the cage. However, Young's modulus of the n-HA/PA66 cage was 5.6 GPa, much lower than bone graft. As described in Wolff's law, bone grows in response to applied stress and is reabsorbed if a mechanical stimulus is lacking. The superior elasticity of the n-HA/PA66 cage to the TMC helps to prevent the stress shielding and promotes earlier bony fusion. Moreover, the implanted n-HA/PA66 cage in theory can provide a micro-ion-exchange of Ca 2+ and PO4 3-between the cage and surrounding tissue and then form a crystal layer on the cage surface [13, 20] . This layer then becomes an optimal trestle bridge assisting in the creeping growth of bone graft.
The most common complication of TMC is subsidence. Severe cage subsidence will lead to the loss in height of the fusion segment, correlating with kyphotic deformity, instrument failure or postoperative neurological deterioration, which becomes a potential problem of postoperative patients [10, 13] . In our patients with TMC fusion, the rate of severe cage subsidence (more than three millimetres) was 22 % at the last follow-up. In the n-HA/PA66 group, the final rate of severe cage subsidence was 6 %, which was significantly lower than the TMC group. The risk factors related to the development of subsidence of the cages are varied, including not only intraoperative end-plate preparation and osteoporosis but also cage material and cage shape [14, 21, 22] . The titanium mesh cage has sharp footprints designed to anchor the cage into the adjacent endplates and avoid a translation; however, the sharp footprints lead to a smaller cage-endplate interface contact area, increasing the cutting and penetration from the cage into the vertebra. The shape converted from TMC to n-HA/PA66 cage with much larger footprints (approximate three millimetres) is beneficial for distributing the loads on the endplates and decreasing the incidence and amount of cage subsidence. Meanwhile, the modulus of elasticity of the TMC is much higher than bone graft inside the cage as stated above and leads to a concentration of the compressive stress on the cage-endplate interface rather than bone graft-endplate interface which on the other hand facilitates cage subsidence. As opposed to this, the lower elasticity modulus of the n-HA/PA66 cage distributes the stress on the implant-endplate interface area, thereby reducing the subsidence. In addition, cage subsidence usually occurrs before bony fusion is achieved [9] . Therefore, the faster bony fusion time of the n-HA/PA66 cage compared to the TMC also results in less subsidence.
In this study, the VAS and JOA scales were used to assess the clinical outcomes after ACCF. We found both the postoperative VAS and JOA points in patients with TMC fusion were poorer than the ones with n-HA/PA66 fusion even though both the initial surgical correction and finial fusion status of these two groups were almost equivalent. It indicated that, compared to the n-HA/PA66 group, the higher rate of cage subsidence associated with the greater loss of surgical correction in the TMC group may greatly diminish the acquired advantages from initial decompressive surgery.
Moreover, fusion assessment in the TMC is much more difficult, because the titanium mesh is not radiolucent and prevents the direct observation of bony bridging inside cage on plain radiographs [23, 24] . The radiographic penetrability of the n-HA/PA66 cage is slightly lower than cortical bone. On plain radiographs, the evaluation of the fusion status inside the n-HA/PA66 cage is much easier and more reliable than the TMC; however, evaluation of the profile and integrity of the n-HA/PA66 cage is limited, due to its radiolucent nature and lack of display markers [12] . Therefore, three-dimensional CT was used in all patients in this study to attempt to assess the graft fusion and cage integrity accurately. CT scans have been known as the surest direct radiographic examination for fusion assessment [8, 24] . In fact, even if we used CT scans, the imaging interference from titanium mesh often influenced the observation of bony bridging at specific positions and affected the judgment of fusion. But this has not appeared in the fusion evaluation in the n-HA/PA66 cage group. It showed that the n-HA/PA66 cage, as a non-metallic device, has more advantages than the TMC or other metallic cages in terms of the postoperative radiographic assessment of the fusion.
This was a prospective study of two different types of cages: the TMC and the n-HA/PA66 cages. From our experience, both these cages provide satisfactory solid anterior column reconstruction with high finial fusion rates following single-level anterior cervical corpectomy. However, n-HA/ PA66 cages have superior mechanical properties and shape design compared to TMC cages, with the added advantages of facilitating earlier fusion and causing less cage subsidence. We now prefer this novel cage for ACCF surgery because of its better finial clinical results.
However, several limitations still exist in this prospective study. We have included a total of 67 patients for evaluation. The number of patients in each group was quite small. And the mean follow-up time was relatively short (only four years). Furthermore, the choice of the two different cages was not randomised and the final results are influenced by physician factors to a certain degree. In future, a prospective, randomised, multicentre study with larger samples and longer follow-ups is required to compare the long-term effects of these two cages.
